Glassy carbon (GC) electrode is intended to be modified with nickel oxide (NiOx) and multiwalled carbon nanotubes (MWCNTs) in the anodic reaction of water electrolysis. NiOx deposition time is optimized and a 5 min was enough to attain the maximum activity. A further modification of the catalyst with MWCNTs could greatly enhance its stability during continuous electrolysis. As an outcome, an energy amount of 21.7 kWh/KgO 2 is minimized. Several electrochemical and materials characterization setups will be utilized to test the catalyst activity and to know its geometry and structure.
INTRODUCTION
Due to the huge population growth, increased demand on energy, and the uncleanliness of traditional energy sources, we should think about alternative, available, and clean energy technologies [1] [2] [3] [4] . Of these technologies, electrochemical water splitting is considered one of the most nontraditional clean methods for hydrogen production [3, 5] . It involves the hydrogen evolution reaction (HER, 2H + /2e − ) and oxygen evolution reaction (OER, 4H + /4e − ) [6] . Unfortunately, the efficiency of electrochemical water splitting is hindered by OER, in which molecular oxygen is obtained from the water oxidation [6] . It is a vital reaction in several energy conversion systems as well as many industrial applications [6, 7] .
From kinetics point of view, OER involves a transfer of four electrons that results in a high overpotentials and very slow kinetics [8] . That makes research directed to develop an efficient catalyst capable of crossing these two great obstacles. In several previous investigations, RuO 2 and IrO 2 showed a very high activity toward OER [9, 10] . However, their usgae has been limited because they are expensive and their supply for large-scale applications is inadequate [6, 11, 12] .
Nickel oxide (NiOx) is one of the most intersting electrocatalysts incorporated in electrochemical systems because of its high activity and conductance [13, 14] . It has been used in catalysis [15] , sensors [16] , batteries [17, 18] , and solar cells [19] . Most of the recent research focused on NiOx usage as an electrocatalyst for the hydrogen evolution [20, 21] , few have explored its potential toward OER [22, 23] , this prompts the research into improving an efficient, catalytically active, and stable NiOx-based anodes for OER.
Herein, we report on fabricating a NiOx-modified glassy carbon (GC) electrode for OER by a simple electrochemical route. The NiOx deposition will be optimized seeking the highest efficiency. Moreover, the influence of incorporating multiwalled carbon nanotubes (MWCNTs) on the catalyst stability will be monitored.
EXPERIMENTAL
A cleaned, polished with aqueous slurries of alumina powder (down to 0.06 μm) then washed thoroughly with second distilled water, GC electrode (d = 5.0 mm) was used as the working electrode. A spiral Pt wire and a saturated calomel electrode (SCE) were used as the counter and reference electrodes, respectively. The electrode's modification with NiOx was attained in two successive steps. The first one involved assembling of metallic nickel on the GC electrode from an aqueous solution of 0.1 M acetate buffer solution (ABS, pH = 4.0) containing 0.1 M Ni(NO 3 ) 2 by a constant potential electrolysis at −1 V. Next, the metallic Ni was oxidized in 0.1 M phosphate buffer solution (PBS, pH = 7) by scanning the potential between −0.5 and 1 V for 10 cycles at 100 mV s −1 [24] .
Modifying the GC electrode with MWCNTs was carried out by dispersion of 10 mg MWCNTs in 1 ml aliquots of 5% Nafion/ethanol and sonication for 1 h. Then, 10 µL of the suspension is applied evenly at the GC electrode and the ethanol was evaporated for 1 h at room temperature. Finally, the electrode was washed with double distilled water.
The electrochemical investigations were performed at room temperature (25±1 o C) in a solution of 0.1 M NaOH in a three-electrode glass cell using a Bio-Logic SAS potentiostat (model SP-150) operated with EC-Lab software. A field emission scanning electron microscope (FE-SEM, QUANTA FEG 250) joined to an energy dispersive X-ray spectrometer (EDS) unit was engaged to determine the electrode surface shape and structure. Figure 1 displays CVs obtained at (a-e) NiOx/GC with NiOx loading time interval and (f) NiOx (5 min)/MWCNTs-GC modified electrodes The measurements are carried out in an basic solutions to probe the oxidation/reduction behavior of the electrodeposited NiOx at the GC surface [5] . A redox couple is observed in all cases which systematically getting higher in current with increasing loading time (due to increasing the amount of deposited Ni and therefore the amount of NiOx at the electrode surface) which is attributed to the redox transformation between lower and higher oxidation states of Ni [25] . E / V vs. SCE Structurally, Fig. 2A and B shows FE-SEM micrographs of the NiOx (5 min)/GC and NiOx (5 min)/MWCNTs-GC modified electrodes, respectively. It gives a clear picture about assembling the NiOx onto the GC and the MWCNTs-GC electrodes in cauliflower-like structures with ca. 95 nm particle diameter.
RESULTS AND DISCUSSION

Electrochemical and Material characterization
The EDS analysis in Fig. 3 inferred about the successful deposition of the catalyst ingredients and aided to calculate its comparative ratios. The peaks of C, O, and Ni appeared on their assigned positions and their relative ratios summarized in the table inserted as inset of Fig. 3 . Figure 4 shows the linear sweep voltammograms (LSVs) of the NiOx/GC and NiOx/MWCNTs-GC modified electrodes measured in 0.1 M NaOH solution at a potential scan rate of 50 mV s −1 .
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Electrocatalytic activity toward OER
In case of OER, the lower the onset potential, at which the reaction starts (E onset ), the electrode acquired, the higher activity the electrode shows. The reason behind that comes from that this negative shift will directly be translated to a power saving which is the main concern that industry face in the long run. Actually, the E onset for OER at the bare GC electrode appeared at ca. 1.5 V (Fig. 4g) . Fascinatingly, as NiOx was successively electrodeposited (starting with 1 min deposition) at the GC and MWCNTs-GC electrodes, the E onset could be observed to decrease also in a systematic mode until reaching 5 min which was the ideal deposition time (Fig.4 a-f) . The shift in the E onset related compared with that of the bare GC electrode (|E onset − E onset (bare GC) |) at 0.4 mA, and the equivalent energy saving values could be obtained based on the equation referenced previously [3] . Table 1 The distinctive activity showed at the modified electrodes toward OER can be described in view of the general mechanism for the OER that has been considered in basic media [26] [27] [28] :
Where M refers to metal active surface site. The step at which the rate is depending on is frequently assigned to the adsorption and the initial charge transfer, i.e., Reaction 1 [3, 29] . Here, the catalytic enhancement is believed to derive from the redox mediation by NiOx [30] . This can, definitely, makes the charge transfer easier and will so catalyze OER.
A comparison between the E onset value of the NiOx (5 min)/ MWCNTs-GC electrode catalyst and other catalyst reported in literature are summarized in table 2. Herein, it is valuable to mention that although the E onset value is somehow close but our proposed catalyst, NiOx (5 min)/ MWCNTs-GC, is still acquire a higher stability. 
Stability toward OER
Durability of the NiOx (5 min)/GC and NiOx (5 min)/MWCNTs-GC modified electrodes has been tracked through recording the current as a function of time at 0.8 V, i-t, and the potential as a function of time at 0.2 mA, E-t. Figure 5 shows the i-t curves for the NiOx (5 min)/GC (Fig. 5a ) and NiOx (5 min)/MWCNTs-GC modified electrodes (Fig. 5b) . The stability of the NiOx (5 min)/GC electrode was not good enough although it acquired a high activity toward OER. This could be indicated from the fast decay of current during continuous electrolysis because of the buildup of the produced oxygen gas bubbles at the electrode surface. This can either decrease the effective surface area of the modified electrode and/or reduce the mechanical stability of the NiOx and thus lowers the overall catalytic performance of the modified electrode [3] . Interestingly, the addition of MWCNTs, in case of the NiOx (5 min)/MWCNTs-GC electrode could greatly enhance the stability where the current was twice that of the NiOx (5 min)/GC electrode.
From other side, Fig. 6 shows the E-t curves for the NiOx (5 min)/GC ( Fig. 6a) and NiOx (5 min)/MWCNTs-GC modified electrodes (Fig. 6b) . Again, the NiOx (5 min)/MWCNTs-GC had a lower overpotential. The OER overpotential at the NiOx (5 min)/MWCNTs-GC modified electrode reduced by a value of ca. 150 mV compared with that of the unmodified NiOx (5 min)/GC electrode for the 1800 s of continuous electrolysis. This strongly supports the data in Fig. 5 and it is believed that the nature of MWCNTs is beyond this enhancement in the catalyst stability. 
CONCLUSION
A simple adjustment for the GC electrode with MWCNTs and NiOx is proposed for OER. Optimization of the NiOx deposition has been carried out where 5 min was adequate to achieve the highest catalytic performance, lowest E onset and highest power saving. The NiOx (5 min)/MWCNTs-GC modified electrode acquired a negative shift in the E onset with a value of 0.81 V compared with the bare GC electrode. This comes from the easiness of the charge transfer mediated by NiOx. The corresponding energy usage is minimized by a value of 21.7 kWh/Kg of O 2 . Moreover, its stability was good in terms of high current and low potential during continuous electrolysis.
